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Background: For the past decade, percentage of ideal body weight (%IBW) was recommended by European and US nutrition consensus reports as
preferred clinical measure of nutritional status in children with cystic fibrosis (CF). We and others have demonstrated that the %IBW method
underestimates the prevalence of nutritional failure in CF, but the underlying mechanism for this methodological flaw remains incompletely
defined.
Design:We performed model calculations from cross sectional growth data of healthy and CF-children to assess the methodological limitations of
%IBW calculation.
Results: Here we demonstrate that an intrinsic limitation of %IBW method is that it largely ignores the statistical principle of regression to the
mean. The key assumption of %IBW is that ideal weight-for-age is on exactly the same percentile ranking as height-for-age. We show that this
assumption is only valid if the individual's height is close to the reference median. When the stature deviates from the median of the reference
population, however, the increments of height-for-age and weight-for-age percentiles are not the same. In consequence, %IBW method
systematically underestimates the ideal weight for smaller-than-average individuals, like CF-patients, which results in significant underestimation
of the prevalence of malnutrition in this group of patients.
Conclusion: There is increasing scientific evidence that calculation of %IBW as a measure of nutritional status in children with CF is flawed and
should be discontinued. It is expected that future guidelines will recommend the use of alternative measures of weight-for-height proportion, e.g.
BMI percentiles, to assess underweight and malnutrition in patients with CF.
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Despite advances in medical treatment and dietary advice,
the prevalence of growth failure and malnutrition remains high
in patients with cystic fibrosis (CF) [1]. Several epidemiological
studies have demonstrated that nutritional status impacts on the⁎ Corresponding author. Department of Pulmonary Medicine, German Clinic
for Diagnostic (DKD), Aukammalle 33, 65191 Wiesbaden, Germany.
E-mail address: t.hirche@em.uni-frankfurt.de (T.O. Hirche).
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doi:10.1016/j.jcf.2009.03.004progression of cystic fibrosis disease [2–4]. Clinical screening
for malnutrition is usually performed using anthropometric-
based indexes, such as weight-for-age, weight-for-height, or
weight-for-height adjusted for age [5]. To assess the nutritional
status in children with CF, both European and US cystic fibrosis
foundations recommend the use of percentage of ideal body
weight (%IBW; measured weight expressed as a percentage of
ideal weight based on the same height percentile) [6,7]. The
latter is also used regularly as an outcome measure in CF
research and as a measure of nutritional status in other areas of
paediatrics including liver disease and oncology [8–10].d by Elsevier B.V. All rights reserved.
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early signs of malnutrition in CF was questioned by studies that
compared %IBW with other anthropometric-based indexes or
reference procedures [11–13]. It has been argued that limita-
tions of %IBW are due to its complex calculation that requires
steps of visual estimation or approximate calculation by
polynomial equations. However, studies that used a computer
package for more exact electronic %IBW calculation continued
to report normal mean %IBW index values despite notable
deficits in height, muscularity and adiposity in poorly nourished
children with CF [14].
According to the %IBW method, the ideal weight is the
weight corresponding to the same percentile ranking as the
person's height-for-age. We have recently demonstrated that
ideal weights defined by %IBW method were significantly
lower for CF-patients compared with the reference population
[15].
These calculations seem dubious, since lower weight in
CF-patients is not likely to be caused by the inherent genetic
defect but rather by chronic malnutrition and clinical progress
of the disease, which should not impact a defined ideal weight
[16]. Of note, ideal weight calculated by %IBW system-
atically dropped and deviated further from the reference
median when subgroups of shorter-than-average individuals
were analysed.
The underlying mechanism for the methodological flaw in %
IBW calculation remains incompletely defined. We postulate
that the prime reason for this discrepancy is that %IBW method
disregards the statistical principle of regression to the mean,
which generally applies to non-deterministic linear relation-
ships. The aim of the present study is to test this hypothesis,
using data from a healthy reference population and children
with CF.
2. Subjects and methods
2.1. Study population
Demographic data (sex, age, height and weight) for 3849
healthy children (age range 0–18 years, 53%male, 47% female)
were obtained from the National Nutrition Survey I, a nationally
representative study conducted in Germany from 1985–1988.
Data for 4577 CF-children (age range 0–18 years, 51.5% male,
48.5% female) were obtained from the German CF quality
assurance (CFQA) project. The CFQA project is a patient data
base that documents demographic data, diagnostic information,
and selected clinical characteristics of CF-patients treated in 111
CF-outpatient clinics in Germany since 1995 [17]. Unless
otherwise indicated, statistical analyses were performed sepa-
rately for each gender because of the well-documented
difference in clinical course between male and female CF-
patients [18].
2.2. Computation of percent ideal body weight
The relative proportion of weight for height was assessed by
percent ideal body weight (%IBW) following modificationsdescribed by Moore [19]. Briefly, calculations were performed
by the equation
kIBW = weightmeasurement × 100ð Þ= ideal weightð Þ;
with ideal weight being the weight corresponding to the same
percentile ranking on weight-for-age as the child's height-for-
age percentile. Normal weight is defined as %IBW 90–110%.
Underweight is assumed if %IBW falls below 90% (with 85–
89% indicating mild, 75–84% moderate, b75% severe nutri-
tional failure, respectively). The %IBW cut-off at 90%
corresponds to the standards used in the literature and is
recommended by the CFF consensus report [7].3. Statistical methods
The distribution of height values for both normal and CF-
children in the specific age groups proved sufficiently normal,
but values of weight had to be log-transformed by weight⁎=log
(weight−c), to reach a distribution of weight-for-age, which
was sufficiently symmetric to the 50th percentile. Transforma-
tion allowed us to calculate a regression line and to draw a strait
line of identity in the scatter plot. Determination of constant c is
explained in Appendix A.
The height- and weight-for-age percentiles were obtained from
Kromeyer-Hauschild et al. [20], which were recently calculated
based on a large set of 34.422 healthy children from Germany,
following the LMS method for constructing normalized growth
standards as described by Cole et al. [21]. These percentiles were
used as reference for nutritional status of both healthy and CF-
children in this study. The medians of height and weight percentile
for subgroups of children, defined by corresponding decades of
height-for-age percentiles, were plotted to illustrate explicitly the
phenomenon of regression to the mean. Differences between
groups were tested by Mann–Whitney U test. Statistical
significance was assumed at a predefined level of α(2-sided)=0.05.
All statistical calculations were performed by SAS Software,
Version 8, SAS Institute Inc., Cary, USA.
4. Results
The scatter-plot in Fig. 1a illustrates the height and weight
for a sample of 16 year old healthy girls (n=120). Similar
calculations were performed for different ages (10–18 years)
and both genders with similar results (data not shown).
Each single dot indicates the corresponding weight and
height of an individual child. The reference values for this group
were obtained from Kromeyer-Hauschild et al. [20] and are
represented by the 3rd, 10th, 50th, 90th, 97th percentiles for
height-for-age (i.e. 153, 158, 166, 175, 178 cm) and for weight-
for-age (i.e. 44, 48, 57, 70, 78 kg), respectively. The solid line
represents the line of identity for height- and weight-for-age
percentiles for the reference population, which corresponds
with the ideal weight defined by the %IBW method.
Fig. 1b is a complementary schematic drawing of the scatter
plot shown in Fig. 1a (16 year old healthy girls) and was
generated for better demonstration of %IBW limitations.
Fig. 1. a, Scatter-plot of height and weight for 16 year old healthy girls (n=120) from the German National Nutrition Survey I. Height- and weight-for-age reference
percentiles used were from a large set of healthy German children [20]. Bold line, line of identity for corresponding height- and weight-for-age percentiles, according to
the ideal weight assumed by the %IBW method. b, Schematic drawing of the above scatter-plot in (a). The local distributions of weight at specific height-for-age
percentiles are illustrated by Gaussian curves, the midpoints of which correspond to the best estimation of mean weight at that height in the subgroup described in (a).
These midpoints can be connected by the line of regression (dashed line; log (weight)=b+a⁎height) for best estimation of ideal weight-for-age vs. height-for-age in
the reference population.
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underlays each scatter plot with a bivariate Gaussian distribu-
tion. As shown in this figure, a tall 16 year old girl with a height
of 175 cm is assigned to the 90th height-for-age percentile of the
reference population. According to the %IBWmethod, the ideal
weight of this girl is defined by the corresponding 90th weight-
for-age percentile, thus 70 kg. However, while all 16 year old
girls with the same exact height of 175 cm are assigned to the
identical height-for-age percentile, they show different weight
values. According to the theory of linear regression, those
values must follow a normal Gaussian distribution, which can
be imagined along the vertical line at the 90th height-for-agepercentile. It becomes evident that the mean of (log-)weight of
these girls falls significantly below the corresponding 90th
weight-for-age percentile defined by the line of identity of the %
IBW method.
In contrast, the expected value of this mean coincides with
the line of regression of (log-)weight vs. height (Fig. 1b, dashed
line) and shows that the 70th weight-for-age percentile, which
corresponds to 63 kg, will be the best estimation for ideal
weight for this group of children.
The same logical approach demonstrates for a small 16 year
old girl with a height of 158 cm (corresponding to the 10th
height-for-age percentile), that the expected ideal weight will
Fig. 2. Scatter-plot of height and weight for 10 year old boys with CF (n=955)
from the CFQA project. Height- and weight-for-age reference percentiles used
were from a large set of healthy German children [20]. Bold line, line of identity
for height- and weight-for-age percentiles; dashed line, regression line (log
(weight)=b+a⁎height) of the corresponding reference population, respectively.
Fig. 3. Relation of height and weight percentiles of (a) healthy children
(n=3849) from the German National Nutrition Survey I and (b) children with
CF (n=4577) from the CFQA project. Subgroups defined by height percentile
decades were aligned with their corresponding means of weight percentiles.
Note the marked regression of weight percentile means to the centre of the
reference population. Horizontal bars represent the total median percentiles of
healthy and CF-children relative to the reference population.
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defined by %IBW method. In contrast, the local normal (log-)
weight distribution leads to a significantly higher mean of
53 kg, corresponding to the 30th weight-for-age percentile.
As shown for above examples, the means of the local
Gaussian distributions are indicated by the midpoints of the
vertical ellipse-secants, which can be drawn at an arbitrary
position on the height axis. Those midpoints theoretically
coincide with the line of regression (Fig. 1b, dashed line),
which only in the centre of the scatter-plot corresponds
approximately with the line of identity for height- and weight-
for-age percentiles. The more the height deviates from the
population mean, however, the more the %IBW assumption of
corresponding height and weight percentiles causes a systematic
underestimation of ideal weight-for-age in small children and
overestimation in tall children, vice versa.
Next, we used data from CF-children to evaluate limitations
of %IBW method in this group of patients. The scatter-plot in
Fig. 2 illustrates the height and weight for a sample of 955 pairs
of variables of ten year old boys with CF, documented in the
CFQA project. This age group was chosen due to sufficient
sample size in the data base and results are conferrable to other
ages and genders (data not shown). Again, the solid line
represents the line of identity for height- and weight-for-age
percentiles, which corresponds to the ideal weight defined by
the %IBW method. The dashed line indicates the regression
line of weight-for-age vs. height-for-age in the reference
population (n=121 healthy ten year old boys), which gives
the best estimation of ideal weight-for-age for an individual CF-
patient.
As shown in Fig. 2, the data points of most shorter-than-
average individuals with CF are scattered around the line of
identity, but markedly below the regression line, which results in
a systematic underestimation of ideal weight-for-age calculatedby %IBW method. In consequence of the too low ideal weight,
the %IBW value for small children with CF is calculated too
high, which results in significant underestimation of the
prevalence of malnutrition in this group of patients.
Fig. 3 demonstrates the phenomenon of regression to the
mean by aligning the height and weight percentiles separately
for both study populations of healthy and CF-children. The
weight percentiles of the healthy children's population are used
as the best reference for both healthy and CF-children in this
study. If %IBW assumption of exactly corresponding height-
and weight-for-age percentiles would apply to our study
populations, then subgroups of children on the 10th, 20th, …
90th height percentile should have nearly the same means of
weight percentiles, respectively. In contrast, means of height
and weight percentiles in Fig. 3 do not align on the same level,
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healthy and CF-children's weight towards the mean. Of note,
the medians of the percentiles with their 25th and 75th quartiles
[Q1;Q3] for height 23[7;50]% and weight 22[6;47]% of the CF-
patients are significantly below percentiles of healthy children's
medians for height 53[28;75]% and weight 47[25;71]%,
respectively (pb0.001 for both parameters), indicating that
many CF children in Germany continue to grow poorly.
5. Discussion
For the past decade, %IBW has been recommended by
European and US nutrition consensus reports as preferred
clinical measure of nutritional status in children with CF
[6,7,22].
However, calculation of %IBW was criticized as strenuous,
time consuming and inaccurate. In fact, there are a number of
areas where errors can be made, including the plotting of the
patients current height, weight, ideal weight on the growth
charts, and the calculation of %IBW based on this information.
As a result, large inter- and intra-individual variations have been
described [23].
Here we demonstrate that calculation of %IBW is not only
difficult and impractical to use in routine clinical settings but
also methodologically flawed. The assumption of %IBW
method that the ideal weight for a given age and height has
the same percentile ranking as the child's height-for-age largely
ignores the statistical principle of regression to the mean [24].
Regression to the mean occurs whenever an extreme group is
selected based on a predictor variable x (e.g., shorter than
average height-for-age, as is usually the case in CF-patients) and
then another variable y (e.g. weight-for-age) is measured for
that group. If x and y are linearly related, for each given value of
x the predicted value of y is always fewer standard deviations
from its mean than is x from its mean [25,26]. If r is the
Pearsons coefficient of correlation for x and y with (−1≤ r≤1),
a change of one standard deviation in x is associated with a
change of r-times the standard deviation in y, respectively. The
weaker the correlation between the two variables, the more
decreases |r| and the more pronounced this effect will become
(see Appendix B for detailed description).
In this respect, the %IBW key assumption of ideal weight-
for-age being on exactly the same percentile ranking as height-
for-age is only valid if the person's height is close to the 50th
percentile. When the stature deviates from the median, the
increments of the percentiles of height- and weight-for-age are
not the same. For this reason, a tall person tends to be slimmer
and a short person more obese compared with an average-length
person. The %IBW method disregards this phenomenon and is
therefore at risk to underestimate the ideal weight for a short
person and subsequently the presence of malnutrition.
In a recent study, we tested the clinical performance of %IBW
as measure for nutritional status in 4577 children with CF in
Germany and compared it to recently released body mass
index percentiles (BMIp) [15]. We found that ideal weight-for-
age was significantly lower when predicted by the %IBW
compared to the BMIp method, particularly in subjects withshorter-than-average stature. Consequently, less CF-children
were identified with nutritional failure according to the %IBW
method (male 20.5%; female 22.7%) compared with the BMIp
method (male 30.4%; female 28.7%). The clinical relevance of
these findings was confirmed by stronger correlation of BMIp
with impaired %FEV1, a marker for disease progression in CF.
Our finding that BMIp is more sensitive and accurate in
screening for malnutrition in CF-patients confirms and extends
data from a large scale study that analysed the nutritional status
of CF-patients maintained in the US cystic fibrosis foundation
registry [27]: When compared to BMIp, %IBW underestimated
the severity of malnutrition, and this discrepancy increased with
age and also when the children's stature deviated from the
median of height-for-age: In CF-children with short stature, the
prevalence of malnutrition of 7.3%, defined by %IBW was
significantly lower than 25.7%, defined by the BMIp method.
As shown in the present work, the statistical limitations of %
IBW method could be improved, if the assumption of ideal
weight-for-age being on the same percentile ranking as height-
for-age would be replaced by calculation of ideal weight-for-age
from the appropriate regression line of weight-for-height.
However, this approach seems rather impractical, as separate
regression lines (or corresponding tables) had to be calculated
for each age group and gender. In contrast, BMIp charts are now
widely available in most countries. From a practical standpoint,
centile charts are familiar to most clinicians and patients
individual BMIp can be easily determined in routine clinical
settings. BMIp charts are particularly useful in monitoring
changes of nutritional status in individual patients over time.
Nutritional failure can be assessed clinically when an extreme
centile or marked downwards centile crossing is noticed, which
should trigger referral for further investigation [21].
In conclusion, there is increasing scientific evidence that the
%IBW method of assessing weight-for-height proportion is
flawed and should be discontinued. The European and US
nutrition consensus reports from 2002 were based on the current
knowledge at that time, however, in the meantime the US cystic
fibrosis foundation has recognized the problems associated with
the use of %IBW and has established a workgroup to revise the
recommendations for screening of malnutrition in CF [28,29]. It
is expected that future guidelines, instead of %IBW, will
recommend the use of BMI percentiles for children and absolute
BMI for adults as indices to assess weight-for-height propor-
tions and to screen for underweight and malnutrition in patients
with CF.
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Appendix A
While the height distribution was nearly symmetric, the
distribution of weight was markedly skewed. To increase the
243T.O. Hirche et al. / Journal of Cystic Fibrosis 8 (2009) 238–244symmetry of the scatter-plots (height vs. weight), weight was
transformed by weight⁎=log(weight−c). Known percentiles of
reference population were used for best estimation of the
constant “c” by the following elementary calculation:
We postulate:
log p97 − cð Þ  log p50 − cð Þ = log p50 − cð Þ  log p03 − cð Þ ð1Þ
using log a+log b=log (a⁎ b)
log p97 − cð ÞT p03 − cð Þ½  = log p50−cð Þ2
h i
ð2Þ
antilog of both sides of the equation
p97 − cð ÞT p03 − cð Þ = p50−cð Þ2 ð3Þ
with
c = p
2
50 − p97Tp03
 
= 2Tp50 − p97 − p03ð Þ ð4Þ
First example, i.e. 16 year old healthy girls: (data obtained from
[20]) p97=90.0 kg, p50=64.3 kg and p03=48.5 kg: c=(64.3
2–
90.0*48.5) / (2*64.3–90.0–48.5)=23.3 → transform weight by
“weight⁎=log(weight−23.3)”.
Second example, i.e. 10 year old boys: p97=51.1 kg, p50=
33.8 kg and p03=25.2 kg: c=(33.8
2–51.1*25.2) / (2*33.8–51.1–
25.2)=16.7→ transformweight by “weight⁎=log(weight–16.7)”.
Appendix B
If variables x (height as predictor) and y (weight as pre-
dicted) have the standard deviations sx and sy with the
covariance sxy , the slope b and the coefficient of correlation r
are given as
b = sxy = s
2
x ð1Þ
r = sxy = sxTsy ð2Þ
The linear regression function for y predicted by x is
y = a + bTx ð3Þ
a = intercept on y-axis
b = slope of the regression line
A change in x of Δx results in a change in y of Δy:
y + Dy = a + bT x + Dxð Þ ð4Þ
y + Dy = a + bTx + bTDx ð5Þ
Substract Eq. (3) from Eq. (5)
Dy = bTDx ð6Þ
Dividing Eq. (1) by Eq. (2)
b= r = sxTsy = s
2
x ð7Þ
b = rTsy = sx ð8ÞSubstituting Eq. (8) in Eq. (6)
Dy = rTDxTsy = sx ð9Þ
Dy = sy
 
: Dx = sxð Þ = r with jr j V 1 ð10Þ
Finally, we get
j Dy = sy
 
: Dx = sxð Þ j V 1 ð11Þ
It means: the absolute ratio of any corresponding change in y
and x expressed in terms of their standard deviations sy and sx is
less or equal 1. Thus the “relative change in y” is always less or
equal to “the relative change in x”.
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